Abstract This study is to investigate drag on ship due to marine biofouling using CFD approach. A cargo ship with one year operation was used for the study and to examine the effect of biofouling between smooth and roughened hull by observing the result of CFD simulation. Simulation is done using CFD software based RANSE code together with SST based k-omega as turbulence setting and Grid Generator was used to build the hybrid grids. The result indicated that marine biofouling make significant increase for ship resistance up to 37 %. This fact is in good agreement with experimental test has been examined that fouling increases drag up to 80 % for two years.
iofouling is the accumulation of microorganisms, plants, algae, or animals on wetted structures and become the one of the most important problems currently facing in marine technology. The growth of marine biofouling is natural phenomena that cannot be avoided, because biofouling is biological roughness that is impossible to detain and it grows massively. Biofouling is not as simple a process as it sounds. Organisms do not usually simply absorb into a substrate. The complex process often begins with the production of a biofilm [1] . Formation of this film is immediately followed by an accumulation of microorganisms (e.g. bacteria, fungi, diatoms, and other micro-organisms) and the secretion at their cell surface of extra cellular polymeric substances (EPS) during attachment, colonization, and population growth [2] .
Marine biofouling begins to occur immediately after a ship immersed in water, and will continue to occur throughout a ship's life at sea until a cleaning process is performed. The level of biofouling depends on several factor, including the length of time spent at sea, the water temperature, the geographical location of the ship, surface condition and the salinity of the sea [3] .
Marine biofouling is one of the major unsolved problems currently affecting the shipping industries [4] . Marine biofouling commonly refers to the adverse growth of marine organisms on immersed artificial structures such as ship hulls [5] . Biofouling creates roughness over ship hull surface may affect the flow properties and causes a reduction of velocity profile in turbulent boundary layer 1 Muh. Sawal Baital and I Ketut Aria Pria Utama are with Department of Naval Architecture and Shipbuilding Engineering, Institut Teknologi which increases the shear stress and frictional resistance, thus affecting its hydrodynamics, speed and maneuverability [6] . The frictional resistance of a ship has a significant importance to ship speed, power requirement, fuel consumption and the economic penalty due to the increase of fuel consumption [7] . Frictional resistance can account for up to 80-85% of a ship's total resistance [8] , a means of reducing the frictional resistance of ship would significantly reduce fuel consumption.
Analysis of the effect of marine biofouling to ship resistance is carried out by using computational fluid dynamics (CFD) simulation with Reynold-average Navier-Stokes (RANS) solvers for incompressible flow developed by CFD code have included free surface around the hull with Shear Stress Transport (SST) based k-omega turbulence model is used to carry out the simulation.
CFD is an effective tool to analyze the flow within turbulent boundary layer and it has become very popular to assess resistance and power performance of marine vehicles [9] . Since experiment test cannot visualize the fluid flow phenomena that happened during test, CFD can give accurate prediction to support the major test [10, 11] .
II. METHOD

A. Model Data
The simulation were conducted on 1 : 25 scale model of the Cargo Ship hull with full scale dimensions as shown in Table 1 .
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CFD simulation is used to analyze the drag difference between smooth hull surface, regular hull roughness with 0.72 mm of the biofouling height, and irregular roughness where there is a height difference on certain part, 0.60 mm on bow, 0.72 mm on amidship and 0.92 mm on stern as shown in Figure 1 .
The computational domain of the cargo ship model which is extended to 2L forward, 4L backward, 2L aside, 1L upward above the main deck of the cargo ship model, and 2L downward under the keel of the cargo ship model. Figure 2 shows the computational domain used in the simulation.
B. Mathematical Model
In order to analysis the motion of a fluid element, we need to derive the equation of fluid motion. And the governing equations of fluid motion represent mathematical formulation of the basic laws of physics. These laws contain continuity equation (Equation 1), momentum conservation law (Equation 2) and energy conservation. For marine CFD problems, energy conservation equation is not used. Where is fluid density; U = (u, v, w) which is the fluid velocities in three directions.
Where p is the surface pressure; is viscous stresses and = ( , , ) is the body force (mass force).
Turbulence model using SST based k- it accounts for the transport of the turbulent shear stress and gives highly accurate predictions of the onset and the amount of flow separation [12] . The SST based k-omega turbulent model was used in CFD code formulated by
Where Γk and Γω, Gk and Gω, and Yk and Yω respectively represent the effective diffusivity for k and ω, generation of turbulence kinetic energy and ω due to mean velocity gradients, and dissipation of k and ω due to turbulence respectively. Meanwhile Dω represents the cross-diffusion term.
C. Meshing
Unstructured tetrahedral mesh with inflation layer (hybrid mesh) was built using Grid Generator around the model scale cargo ship geometry. Unstructured tetrahedral was built in the region around the model and smaller element size was used for the cargo ship model. The small size of element used on the cargo ship hull and near the free surface with additional refinement is designate to obtain a better result and to capture the flow properties. The inflation layer of the ship surface was built around the model with total of three layers to be maintained for each case y + < 100. A convergence test was carried out in order to obtain grid independent solutions due to cell number are influential on the solution. It is of note that once the mesh independent solution is achieved, further refinement of the mesh does not affect the final solution, though it does affect the solution time [13] . 
D. Numerical model
Total resistance data for the Cargo Ship are used for validating the CFD simulations were obtained through towing tank test (50 m x 3 m x 2 m) on 1 : 53.03 scale model [14] . The model was fixed in heave and pitch at the full scale static draught with zero trim. Table 2 show the numerical simulation properties for flow analysis of hull form design of cargo ship. The flow analysis is presented using CFD code based RANSE fitted with shear stress transport (SST) based k-omega for turbulence setting was used to carry out the simulation and using Grid Generator to build hybrid grids for RANSE solver. Simulation has been convergence with residual target 10 -5 was used to check. This simulation using steady state with total elements about 2 million elements to satisfy grid independences criterion. This study emphasized the roughness of biofouling in the ship hull surface. The fouling roughness spreaded evenly and the height of fouling that taken by one year sailing after docking. Simulation analyzed in the several range of Froude numbers (0.157 -0.283) and will be compared with the smooth ship hull surface. Therefore the percentage of roughness resistance is determined.
III. RESULTS AND DISCUSSION
A. Grid Independence
The studies were performed using the Cargo Ship model with smooth surface in order to obtain grid independent solution for validation. The near-wall grid and total number of grid study was carried out to determine the effect of grid number on the calculated total resistance.
To generate the mesh, the total of element from domain was gradually changed, whilst keeping other parameters such us grow rate, inflation layer and models number of element the same. The results from different simulations are shown in Table 3 . As shown in Table 3 , the solution converged well, with little variation in the total force. On the other hand, the difference in the total force between Grid 3 and Grid 4 are 1 % or not greater than 2 % [15] . Therefore, the resolution with the total number of elements on Grid 3 was chosen and used throughout all cases of the full scale prediction study. 
B. CFD Result
Numerical flow analysis of the model scale cargo ship was performed and computational data was acquired using RANSE code. All models were run at Fr 0.157 -0.283 which equals to 10 -18 knot full scale ship.
Numerical wave pattern contour around the hull and velocity contour are presented in Figure 4 and Figure 5 . Figure 4 is wave pattern that show the generated waves by sailing ship. The simulation result is obviously with nice diffusion waves on both side of the ship model. It is mean that the grid/mesh and physical setting is suitable. In CFD simulation, the value of total resistance can be read directly whilst friction resistance can be calculated by using ITTC equations [16] . Table 4 show the value of total resistance and frictional resistance coefisient based on CFD simulation result and Table 5 show extrapolation result from model scale to full scale. Figure 6(a) show the total drag according to CFD result. The total resistance between smooth and roughened hull have a significant difference is up to 37 % at cruising speed. Both of regular and irregular roughened has similar percentage. Figure 6(b) shows the different percentage of regular and irregular roughened. Regular roughened has slightly higher than irregular roughened. This difference is caused by the regular roughness which has uniform height of biofouling in entire ship hull, while on certain parts of biofouling has a thinner thickness.
C. Validation Study
The experimental test has been used to validate the CFD simulations. The total resistance with CFD has slightly different with experimental test. Table 6 and 7 shows the differences value between the frictional resistance coefficient and total resistance that computed by CFD and obtained by the experiment for five different Froude number. Figure 7 show the difference of total resistance value between CFD approach and experiment data on smooth surface, regular and irregular roughness. The different of total resistance lead different value of component resistance such frictional resistance. Within CFD post the total resistance acting on body can be calculated by performing an area integral of the wall shear in the xdirection. The total force evaluated both of aerodynamic and hydrodynamic drag by integrating the x-component of the pressure and frictional over the relevant areas of the hull through using volume fraction.
IV. CONCLUSION
The effect of biofouling can be predicted using CFD by modified the roughness of hull with changing the equivalent sand grain in roughness regime. By simulate model in CFD, we basically grasp the hydrodynamic characteristics of all three models, compare the results of them and try to figure out the causes marine biofouling on a deeper level.
In addition, we summarize some precautions for the mesh after experiencing several failures of simulations. During the mesh setting process, we should notice that the inflation layers setting is a quite important concerns that we need to try several times to find the best setting thickness to keep the Y+ number around the underwater ship hull in the range of 30 -100. This number is actually can influence the accuracy of friction resistance coefficient. The CFD result shows that roughness due to biofouling has significant increase for frictional resistance coefficient up to 29 % and total resistance up to 37 % at cruising speed, that mean the ship losses almost half of the power and the ship need more power to keep the ship still in cruising speed. This fact is in good agreement with experimental test has been examined that fouling increases drag up to 30% for a year and up to 80% for two years. Irregular roughened can applied in CFD simulation to get more accurate prediction and shows the actual conditions. 
